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$\{\begin{array}{ll}\triangle u=0 in \mathscr{D}u=f on \partial \mathscr{D}\end{array}$ (1)












$x_{1},$ $x_{2},$ $\ldots,$ $x_{N}$
$u_{N}(x_{i})=f(x_{i})$ $(i=1,2, \ldots, N)$ (3)
Q (3)
$\{\begin{array}{llll}G_{11} G_{12} \cdots G_{1N}G_{21} G_{22} \cdots G_{2N}| | |G_{N1} G_{N2} \cdots G_{NN}\end{array}\}\{\begin{array}{l}Q_{1}Q_{2}|Q_{N}\end{array}\}=\{\begin{array}{l}f(x_{1})f(x_{2})|f(x_{N})\end{array}\}$ , $G_{ij}=- \frac{1}{2\pi}\log\Vert x_{i}-\xi_{j}\Vert$ $(1\leq i,j\leq N)(4)$
$Q_{j}$ 1 (1)
1 (4) $Q_{j}$ (2) $u_{N}$
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$\xi\pm d/2$ $\pm Q$
$\psi(x)=-\frac{Q}{2\pi}\{\log\Vert x-\xi-\frac{d}{2}\Vert-\log\Vert x-\xi+\frac{d}{2}\Vert\}=\frac{Q}{2\pi}\{\frac{d\cdot(x-\xi)}{\Vert x-\xi\Vert^{2}}+O(\Vert d\Vert^{2})\}$










. . . , $p_{N}$ 2




$2N$ $x_{1},$ $x_{2},$ $\ldots,$ $x_{2N}$
$u_{N}(x_{i})=f(x_{i})$ $(i=1,2, \ldots, 2N)$ (6)
(6) $p_{j}=(p_{x}^{(j)},p_{y}^{(j)}),$ $x_{i}=(x_{i}, y_{i}),$ $\xi_{j}=(\xi_{j,\eta_{j}})(i=$
$1,2,$ $\ldots,$ $2N;j=1,2,$ $\ldots,$ $N)$ $p_{x}^{(j)},p_{y}^{(j)}$ 1
$\sum_{j=1}^{N}\frac{p_{x}^{(j)}(x_{i}-\xi_{j})+p_{y}^{(j)}(y_{i}-\eta_{j})}{(x_{i}-\xi_{j})^{2}+(y_{i}-\eta_{j})^{2}}=f(x_{i})$ $(i=1,2, \ldots, 2N)$ (7)
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(1)













$pj(j=1,2, \ldots, N)$ $N$
$nJ(j=1,2, \ldots, N)$ unknown
$2N$
3
$\mathscr{D}_{\rho}=\{x\in \mathbb{R}^{2}|||x\Vert<\rho\}$ $(\rho>0)$ (9)
$\xi_{j}=q\rho(\cos\frac{2\pi(j-1)}{N},$ $\sin\frac{2\pi(j-1)}{N})$ $(j=1,2, \ldots, N;q>1)$ ,
(10)




















$Fou$ $er$ Fourrier $f_{n}$
$f_{n}=O(a^{|n|})$ as $narrow\pm\infty$ (12)
$a$ $0<a<1$. $\rho^{N}(q^{N}-1)\neq 1$ , $q\rho\neq 1$ .
$\epsilon N\equiv\sup_{x\in \mathscr{D}_{\rho}}|u(x)-uN(x)|=\{\begin{array}{ll}O(q^{-N}) (q<a^{-1/2})O(Nq^{-N}) (q=a^{-1/2})O(a^{N/2}) (q>a^{-1/2}).\end{array}$ (13)
$u_{N}$ $N$
1,
HP Compaq 8000 Elite Business
PC (CPU Intel(R) CORE(TM)2 Duo CPU E8400, 3.$00GHz3.00GHz$, 2OOGB),
$C++$ , GCC Ver.4.5.0
1





( ) $\partial \mathscr{D}_{\rho}$
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$f( \rho\cos\theta,\rho\sin\theta)=\sum_{n\in Z}a^{|n|}e^{in\theta}=\frac{1-a^{2}}{1-2a\cos\theta+a^{2}}$ $(a=0.25)$
$\epsilon N$ $N$ 2
$\epsilon_{N}$ $N$ assignment
parameter $q$
$N=8$ $\epsilon_{N}\sim 10^{11}$ $10^{15}$ $N$ $\epsilon_{N}$
0{0203040506070 8 90010 20 30 40 5060
$N$ $N$
(D) (M)




$\epsilon N=\{\begin{array}{ll}O(q^{-N}) (q<a^{-1/2}=2)O(a^{N/2})=O(2^{-N}) (q>a^{-1/2}=2)\end{array}$
$q=1.5,1.7,1.9$ $\epsilon N\simeq O(q^{-2N})$
$q=2.1,2.3$
2
2: 2 (D) (M)
$\frac{q}{\epsilon_{N}\frac{(D)O(1.47^{-2N})O(1.67^{-2N})O(1.86^{-2N})O(2.02^{-2N})O(2.23^{-2N})1.51.71.92.12.3}{(M)O(1.55^{-N})O(1.72^{-N})O(1.86^{-N})O(1.92^{-N})O(1.94^{-N})}}$
assignment parameter $q(>1)$





$F(z)$ $\mathscr{D}$ $u(x, y)={\rm Re} F(z)(z=x+iy)$ $\mathscr{D}$
$v(x, y)={\rm Im} F(z)$ $\mathscr{D}$ $v(x, y)$
$u(x, y)$
$u(x,y)={\rm Re} F(z) \simeq-\frac{1}{2\pi}\sum_{j=1}^{N}Q_{j}\log\Vert x-\xi_{j}\Vert={\rm Re}\{-\frac{1}{2\pi}\sum_{j=1}^{N}Q_{j}\log(z-\zeta_{j})\}$ ,






$u(x, y)={\rm Re} F(z) \simeq\sum_{j=1}^{N}\frac{p_{j}\cdot(x-\xi_{j})}{2\pi||x-\xi_{j}||^{2}}={\rm Re}\{\frac{1}{2\pi}\sum_{j=1}^{N}\frac{p_{j}}{z-\zeta_{j}}\}$,




$=\{z\in \mathbb{C}||z|<1\}$ $f$ : $\mathscr{D}arrow$ $\mathscr{D}$
$z_{0}$ $w=f(z)$
$f(z_{0})=0$ , $f^{l}(z_{0})>0$ (16)
Riemann $f$ : $\mathscr{D}arrow$ (16)
$z_{0}=0$
$f(z)=z\exp g(z)$ (17)
(16) ( $z_{0}=0$ ) $g(z)$ $\mathscr{D}$ $\overline{\mathscr{D}}$
${\rm Re} g(z)=-\log|z|$ on $\partial \mathscr{D}$ , ${\rm Im} g(O)=0$ (18)
(18) $w=f(z)$ $\partial \mathscr{D}$ $|w|=1$ $\partial \mathscr{D}$
$|f(z)|=1$ $\mathscr{D}$ $g(z)$
$g(z) \simeq g_{N}(z)=C+\frac{1}{2\pi}\sum_{j=1}^{N}\frac{p_{j}}{z-\zeta_{j}}$ , (19)






$z_{1},$ $z_{2},$ $\ldots$ , $z_{2N}$ $g_{N}(z)$
${\rm Re} g_{N}(z_{i})=-\log|z_{i}|$ $(i=1,2, \ldots, 2N)$ (21)
(18) 2
${\rm Im} g_{N}(0)=0$ (22)
(21), (22)
$C+ \frac{1}{2\pi}\sum_{j=1}^{N}\frac{p_{x}^{(j)}(x_{i}-\xi_{j})+p_{y}^{(j)}(y_{i}-\eta_{j})}{(x_{i}-\xi_{j})^{2}+(y_{i}-\eta_{j})^{2}}=-\log|z_{i}|$ $(i=1,2, \ldots, 2N)$ , (23)
$\sum_{j=1}^{N}\frac{-p_{x}^{(j)}\eta_{j}+p_{y}^{(j)}\xi_{j}}{\xi_{j}^{2}+\eta_{j}^{2}}=0$ (24)
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$z_{1},$ $z_{2},$ $\ldots,$ $z_{2N}$ 1 (23), (24)
$C$, pl, $p_{N}$
(19) $g_{N}(z)$ $w=f_{N}(z)\equiv z\exp g_{N}(z)$
[1] $g(z)$
$g(z) \simeq g_{N}(z)=C-\frac{1}{2\pi}\sum_{j=1}^{N}Q_{j}\log(z-\zeta_{j})$, (25)
$C,$ $Q_{1},$ $Q_{2},$
$\ldots,$
$Q_{N}\in \mathbb{R}$, $\zeta_{1},$ $\zeta_{2},$ $\ldots,$ $\zeta_{N}\in \mathbb{C}\backslash \overline{\mathscr{D}}$ (26)
$\zeta_{j}(j=1,2, \ldots, N)$ $C$ $Q_{j}$
$(j=1,2, \ldots, N)$ (18) $z_{i}\in\partial \mathscr{D}(i=1,2, \ldots, N)$
(18) 2 ( $z_{0}=0$ ) ${\rm Im} g_{N}(0)=0$
(25) $\log(z-\zeta_{j})$
$\log(z-\zeta_{j})$ $-\pi<$ Im log$(z-\zeta_{j})\leq\pi$




$\mathscr{D}=\{z\in \mathbb{C}|\frac{({\rm Re} z)^{2}}{A^{2}}+\frac{({\rm Im} z)^{2}}{B^{2}}<1\}$ $(A=1, B=0.5)$ (27)
$\mathscr{D}$ $\zeta_{j}$ ,
$\zeta_{j}=J(q\rho\exp(i\frac{2\pi(j-1)}{N}))$ $(j=1,2, \ldots, N;q>1)$ , (28)
$z_{i}=J( \rho\exp(i\frac{2\pi(i-1)}{2N}))$ $(i=1,2, \ldots, N)$ , (29)
$\rho=\sqrt{\frac{A+B}{A-B}}$, $c=\sqrt{A^{2}-B^{2}}$, $J( \zeta)=\frac{c}{2}(\zeta+\frac{1}{\zeta})$ (Joukowski ) (30)
(28) $q$ assignment parameter 3
(a) $\mathscr{D}$
(b) $w=f_{N}(z)$
$\epsilon N\equiv\max_{z\in\partial \mathscr{D}}||f_{N}(z)|-|f(z)||=\max_{z\in\partial \mathscr{D}}||f_{N}(z)|-1|$ (31)
2. (28) assignment parameter $q$ $\epsilon_{N}$ $N$












assignment parameter $q$ assignment
parameter $q$ $\epsilon_{N}$ 3
assignment parameter $q$ $\epsilon_{N}=O(q^{-N})$ 3
[1] $\epsilon N$
$0$ 10 20 30 40
$N50$















[1] K. Amano, A charge simulation method for the numerical conformal mapping of interior,
exterior and doubly-connected domains, J. Comput. Appl. Math. 53 (1994) 353-370.
[2] M. Katsurada, A mathematical theory of the charge simulation method II, J. Fac. Sci.
Univ. Tokyo Sect IA, Math. 36 (1989) 135-162.
[3] M. Katsurada and H. Okamoto, A mathematical theory of the charge simulation method
I, J. Fac. Sci. Univ. Tokyo Sect IA, Math. 35 (1988) 507-518.
[4] 1983
[5] 34
(1993) 533-535.
106
